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1. INTRODUCTION {#jcla23290-sec-0005}
===============

Computerized physician order entry (CPOE) systems are computer applications used to enter diagnostic and therapeutic patient care orders (eg, laboratory test requests) and to view the test results on the network.[1](#jcla23290-bib-0001){ref-type="ref"} Clinicians can enter their requests directly and work through a digital interface rather than handwriting.[2](#jcla23290-bib-0002){ref-type="ref"} As hospitals have a mixture of various professionals and there is a need to provide medical services to patients in a timely manner, the transmission of hospital information through an CPOE is very important.[3](#jcla23290-bib-0003){ref-type="ref"}

In our hospital, the laboratory test results are displayed via the in‐house hospital information system (HIS), which includes a laboratory information system (LIS), CPOE, electronic medical records (EMR), and electronic nurse records (ENR). When samples are received by the laboratory, blank spaces are generated for the test results in the display and remain empty until the results are reported. Thus, medical staff must call the laboratory when they want to check the status of tests they have ordered, which is inconvenient, particularly for those who need test results urgently. Moreover, repeated calls to the laboratory interrupt the testing process, further delaying the reports. Although the usage rate of the HIS is high (71.3% in 2015) in Korea, about 70% of hospitals (and most of university hospitals) develop their own HIS according to their individual needs rather than buying the commercialized product.[4](#jcla23290-bib-0004){ref-type="ref"} Therefore, it makes difficult to standardize procedure, use them interchangeably, and repair systems. Some functions (eg, TAT monitoring for emergency testing) required by the laboratory accreditation have been implemented similarly, but each HIS varies widely. As well as we know, there is no system in Korea that shows the status of the laboratory tests to clinicians in real time.

We hypothesized that a real‐time display of test progress would improve clinician satisfaction. Therefore, we developed a real‐time test progress checking system and assessed its effectiveness in an emergency room setting using appropriate indicators.

2. MATERIALS AND METHODS {#jcla23290-sec-0006}
========================

The study was conducted between April and October in 2018. Our hospital is a 670‐bed secondary care university hospital in a metropolitan area of Korea. The study was divided into development and evaluation phases. The development phase included upgrading the result viewer to a real‐time display of test status and integrating it into the HIS in June 2018. The evaluation phase consisted of a user satisfaction survey and the measurement of changes in the number of inquiry calls to the laboratory.

2.1. Development of a real‐time laboratory data display {#jcla23290-sec-0007}
-------------------------------------------------------

Our LIS was developed in 1999 as an in‐house system (programming language, Visual Basic.NET 2008). Information concerning the laboratory tests ordered by physicians and the final results were linked into and displayed via the HIS, which includes a LIS, CPOE, EMR, and ENR. When tests were ordered, blank spaces were generated in the HIS laboratory result viewer, which remained empty until the final results were reported.

The status of laboratory tests from clinician\'s request to the final report was sorted in chronological order as follows: request for the test, label printing, sampling, laboratory receipt, performance of the test, verification of the results, interpretation of the results, and final report by a laboratory physician. The laboratory result viewer was updated to enable real‐time display of the ongoing status of laboratory tests according to the sorted stages. When a clinician requests a test in the ward, the barcode of the requested test is automatically printed and "label printing" is shown in the test result viewer. After collection from the patient, samples are transferred to the clinical laboratory for reception. Laboratory personnel receive samples, and "laboratory receipt" is shown. When the sample passes through the barcode scanner in the automated instrument, "test in progress" is shown. During the verification process, "verification of the results" is shown. If the test requires interpretation, incomplete results are moved to another screen on which the laboratory physician can make comments. During this process, "interpretation of results" is shown in the laboratory results viewer. After interpretation, the final results are released and shown in the result viewer. In the case of blood culture, "test in progress" is shown when the barcode has been scanned just before adding the blood bottle to the blood culture incubation instrument. The technical aspects of the updates to the information system were handled by the medical information team of our hospital. To validate the updated HIS function, we created a test sample identification number (ID) that mimicked a patient ID. The test ID was processed using the same procedure as that for a patient sample from receipt to result report to determine whether the function was satisfactory.

2.2. Assessment of the real‐time display {#jcla23290-sec-0008}
----------------------------------------

### 2.2.1. Telephone inquiry investigation {#jcla23290-sec-0009}

The number of phone inquiries about the current status of a sample or expected result reporting time and the number of tests ordered in the 2‐week period before the CPOE upgrade (April 9‐22, 2018) were compared with those made in the 2‐week period after implementation of the upgrade (August 6‐19, 2018). The laboratory personnel who received the phone calls were asked to record the information on the list. The call/test ratios before and after implementation of the real‐time system were calculated.

### 2.2.2. Satisfaction survey {#jcla23290-sec-0010}

The satisfaction survey was checked for ambiguities by two emergency room nurses and one physician before it was distributed. After the questionnaire was validated, we made a few minor modifications. The questionnaire was composed of six questions graded on a five‐point Likert scale regarding users' impressions and satisfaction with the laboratory results viewer (Table [1](#jcla23290-tbl-0001){ref-type="table"}). Surveys before the display upgrade were conducted for 2 weeks from 10 to 20 April 2018 among 17 doctors (11 residents and six faculty members) and 46 nurses working in the emergency room. The survey was repeated after implementation of the updated result viewer for 2 weeks from 8 to 22 August 2018 among the same doctors and nurses.

###### 

The user satisfaction questionnaire

  Questions                                                                                 Response options                                                                                                      
  ----------------------------------------------------------------------------------------- --------------------------------------------------- ------------------ ----------- ------------ --------------------- ---------------------
  1\. The upgraded laboratory result viewer is satisfactory                                 ① Strongly agree                                    ② Agree            ③ Neutral   ④ Disagree   ⑤ Strongly disagree   
  2\. I know the expected turnaround time.                                                  ① Strongly agree                                    ② Agree            ③ Neutral   ④ Disagree   ⑤ Strongly disagree   
  3\. I understand the laboratory testing process (from ordering to reporting the result)   ① Strongly agree                                    ② Agree            ③ Neutral   ④ Disagree   ⑤ Strongly disagree   
  4\. After requesting a \"routine chemistry\" test                                         4‐1) I know whether the sample has been collected   ① Strongly agree   ② Agree     ③ Neutral    ④ Disagree            ⑤ Strongly disagree
  4‐2) I know whether the sample has arrived in the laboratory                              ① Strongly agree                                    ② Agree            ③ Neutral   ④ Disagree   ⑤ Strongly disagree   
  4‐3) I know whether a test procedure has started                                          ① Strongly agree                                    ② Agree            ③ Neutral   ④ Disagree   ⑤ Strongly disagree   
  4‐4) I know when the laboratory results will be reported                                  ① Strongly agree                                    ② Agree            ③ Neutral   ④ Disagree   ⑤ Strongly disagree   
  4‐5) If the result report is delayed, I know the reason                                   ① Strongly agree                                    ② Agree            ③ Neutral   ④ Disagree   ⑤ Strongly disagree   
  5\. I know the status of a test after ordering it                                         ① Strongly agree                                    ② Agree            ③ Neutral   ④ Disagree   ⑤ Strongly disagree   
  6\. Communicating with the laboratory about the test progress was convenient              ① Strongly agree                                    ② Agree            ③ Neutral   ④ Disagree   ⑤ Strongly disagree   
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### 2.2.3. Statistical analyses {#jcla23290-sec-0011}

The "strongly agree" and "agree" and the "strongly disagree" and "disagree" categories were combined into nominal categories of "agree" and "disagree" to facilitate statistical analysis and interpretation. The chi‐squared test was used to test for differences between the groups.[5](#jcla23290-bib-0005){ref-type="ref"} We compared the proportion of "yes" responses between the pre‐ and post‐implementation periods. Statistical analyses were performed using STATA/SE version 15.1 for Windows (Stata Corp. LLC, College Station, TX). In all analyses, *P* \< .05 was taken to indicate statistical significance.

3. RESULTS {#jcla23290-sec-0012}
==========

3.1. Real‐time display of the laboratory test status {#jcla23290-sec-0013}
----------------------------------------------------

The schematic workflow of laboratory testing and the corresponding status displayed in the laboratory results viewer are shown in Figure [1](#jcla23290-fig-0001){ref-type="fig"}.

![Flowchart of the workflow process for laboratory tests and the corresponding test status displayed in the laboratory result viewer. CPOE, computerized physician order entry; LIS, laboratory information system](JCLA-34-e23290-g001){#jcla23290-fig-0001}

In the original system, after a laboratory test was ordered and the barcode label printed, no further information was provided until the results were posted (Figure [2A](#jcla23290-fig-0002){ref-type="fig"}). In the updated system, the real‐time test status is shown in the laboratory result viewer (Figure [2B](#jcla23290-fig-0002){ref-type="fig"}).

![Laboratory information display before (A) and after (B) the upgrade showing the real‐time status of a test before the results are reported. The testing stages and results are displayed according to the receipt date](JCLA-34-e23290-g002){#jcla23290-fig-0002}

3.2. Telephone inquiries and tests ordered {#jcla23290-sec-0014}
------------------------------------------

The number of phone calls from emergency room staff after implementation of the updated system decreased by 33.3%, from 63 calls in the 2‐week period before to 42 calls after implementation of the system. However, the call/test ratios were not significantly different (before, 0.13% \[63/48 637\] vs after, 0.09% \[42/46 666\]; *P* = .066).

3.3. User satisfaction survey {#jcla23290-sec-0015}
-----------------------------

All 63 healthcare workers invited to participate in the study completed the survey. The respondents reported general satisfaction with the updated system. The pre‐ and post‐implementation survey responses are shown in Table [2](#jcla23290-tbl-0002){ref-type="table"}. The respondents reported that the real‐time information allowed them to estimate the time of final reports, and they indicated that the upgraded system was more convenient than the original system.

###### 

Responses to a user satisfaction survey conducted before and after the laboratory information system upgrade

  Survey item                                                                               Number (%)                                           *P*‐value [\*](#jcla23290-note-0002){ref-type="fn"}                                                                                                            
  ----------------------------------------------------------------------------------------- ---------------------------------------------------- ----------------------------------------------------- ----------- ----------- ----------- ----------- ----------- ----------- ----------- ---------- --------- ------
  1\. The upgraded laboratory result viewer is satisfactory                                 2 (3.2)                                              6 (9.5)                                               19 (25.4)   24 (38.1)   28 (44.4)   26 (41.3)   10 (15.9)   4 (6.3)     4 (6.3)     3 (4.8)    .102      
  2\. I know the expected turnaround time                                                   2 (3.2)                                              1 (1.6)                                               37 (58.7)   53 (84.1)   18 (28.6)   6 (9.5)     6 (9.5)     3 (4.8)     0 (0.0)     0 (0.0)    .002      
  3\. I understand the laboratory testing process (from ordering to reporting the result)   1 (1.6)                                              3 (4.8)                                               13 (20.6)   22 (34.9)   20 (31.7)   21 (33.3)   23 (36.5)   13 (20.6)   6 (9.5)     4 (6.3)    .034      
  4\. After requesting a \"routine chemistry\" test                                         4‐1) I know whether the sample has been collected.   9 (14.3)                                              7 (11.1)    33 (52.4)   24 (38.1)   7 (11.1)    12 (19.0)   13 (20.6)   18 (28.6)   1 (1.6)    2 (3.2)   .047
  4‐2) I know whether the sample has arrived in the laboratory.                             11 (17.5)                                            16 (25.4)                                             40 (63.5)   39 (61.9)   8 (12.7)    6 (9.5)     4 (6.3)     2 (3.2)     0 (0.0)     0 (0.0)    .329      
  4‐3) I know whether a test procedure has started.                                         1 (1.6)                                              7 (11.1)                                              16 (25.4)   27 (42.9)   15 (23.8)   10 (15.9)   26 (41.3)   19 (30.2)   5 (7.9)     0 (0.0)    .002      
  4‐4) I know when the laboratory results will be reported.                                 1 (1.6)                                              1 (1.6)                                               17 (27.0)   20 (31.7)   18 (28.6)   24 (38.1)   21 (33.3)   17 (27.0)   6 (9.5)     1 (1.6)    .563      
  4‐5) If the result report is delayed, I know the reason.                                  0 (0.0)                                              2 (3.2)                                               4 (6.3)     5 (7.9)     17 (27.0)   20 (31.7)   31 (49.2)   28 (44.4)   11 (17.5)   8 (12.7)   .344      
  5\. I know the status of a test after ordering it.                                        0 (0.0)                                              2 (3.2)                                               8 (12.7)    20 (31.7)   22 (34.9)   22 (34.9)   23 (36.5)   17 (27.0)   10 (15.9)   2 (3.2)    .003      
  6\. Communicating with the laboratory about the test progress was convenient.             0 (0.0)                                              5 (7.9)                                               14 (22.2)   21 (33.3)   21 (33.3)   17 (27.0)   23 (36.5)   16 (25.4)   5 (7.9)     4 (6.3)    .022      

Statistical analysis of "Agree" (combination of "Strongly agree" and "agree") vs "Disagree" (combination of "Strongly disagree" and "Disagree").
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Questions 2, 3, 4.1, 4.3, 5, and 6 showed statistically significant increases in satisfaction after implementation of the changes. More respondents answered that they could predict when the results would be reported after implementation of the new real‐time display (question 2, 61.9% before development vs 85.7% after development, *P* = .002). Question 3 was related to the respondent\'s knowledge of the work process of laboratory tests, and question 5 was related to the status of the test after requesting the laboratory tests, and they both improved significantly after the development of this new system (question 3, 22.2% before development vs 39.7% after development, *P* = .034; question 5, 12.7% before development vs 34.9% after development, *P* = .003). Question 4 was composed of five subtopics related to routine chemistry tests. Among them, question 4.1 was related to the respondent\'s degree of understanding of whether a sample had been collected or not, and question 4.3 was related to knowledge of whether a test procedure had begun or not. In question 4.1, the number of "yes" answers decreased from 42 to 31 (question 4.1, 66.7% before development vs 49.2% after development, *P* = .047) and that in question 4.3 increased from 17 to 34 (question 4.3, 27.0% before development vs 54.0% after development, *P* = .002). Question 6 was related to the feeling of convenience when exchanging information about the test status with laboratory personnel, and the number of "yes" answers increased from 14 to 26 (question 6, 22.2% before development vs 41.3% after development, *P* = .022).

4. DISCUSSION {#jcla23290-sec-0016}
=============

We developed and implemented a real‐time displaying function to monitor laboratory results in our HIS and conducted a survey to assess its usefulness. The system was designed to help clinicians and nurses track ordered tests and estimate the time of final results reporting. To our knowledge, this is the first study regarding a real‐time function for tracking the status of laboratory tests.

Real‐time information can help clinicians make medical decisions. Timely laboratory reports are crucial for emergency medical specialists who may need the result to make a diagnosis or discharge a patient. The advantages of displaying real‐time test status are similar to those of a package tracking system. By checking the result viewer, a clinician can see who has taken charge of the specimen, the stage of processing, and the expected turnaround time. For example, in our hospital, the routine chemistry test usually takes about 30 minutes to transport samples, 30 minutes to receive and pre‐process, 30 minutes to analyze in the instrument, and 5--10 minutes to verify and report results. Under these circumstances, if the status points to \"labeling,\" the test will take at least an hour to report, and if the status points to \"verification of the results,\" clinicians can roughly expect the examination to come within 10 minutes.\" Moreover, the real‐time system is useful for tracking tests that take a long time, such as microbial tests, or referring or sending‐away tests.[6](#jcla23290-bib-0006){ref-type="ref"}

Some laboratory tests, such as blood cultures, are complex and require considerable time. In our blood culture system, the test status changes to "test performed" when the blood culture bottles are placed in the blood culture incubator. Some laboratory tests are only performed on designated days of the week rather than daily. Changing the test status from "sample collection" to "received by the laboratory" (indicating that the laboratory has received the specimen but has not started the analysis) and "processing" (indicating that the laboratory has started analyzing the sample) provides valuable information for healthcare providers.

The user satisfaction survey revealed a generally positive response to the upgraded system. The survey items that showed significant improvement between the pre‐ and post‐implementation surveys were related to the time of result reporting, the current status of the laboratory tests, whether testing has started, convenience, and improved understanding of the testing process. Patients in the outpatient clinic usually provide samples a few hours before seeing the clinician, so the laboratory tests should be completed before the medical appointment. A real‐time display of the test status helps predict the time until the final result will be obtained and then providing information before deciding on further treatment.

Various result verification processes are used, including delta checking, critical value checking, and retesting for confirmation in the clinical laboratory.[7](#jcla23290-bib-0007){ref-type="ref"}, [8](#jcla23290-bib-0008){ref-type="ref"} Most clinicians did not recognize these processes and just waited for the test result report. The updated result viewer displays "verification of the result" during the verification process. It would be useful to emphasize quality improvement activities performed in the clinical laboratory, allowing the clinician to recognize that various tasks are needed for reliable reporting of test results.

Our study has some limitations. First, the evaluation period was relatively short. The 2‐week periods before and after the implementation of the real‐time displaying function may not have been long enough to establish the impact of the system. However, the assessment period could not be extended due to the time constraints of the project. Second, the user satisfaction survey was completed by a small sample of emergency medical staff, who may depend more on timely laboratory test results compared with medical staff in other areas of the hospital. Therefore, our findings were not representative of the healthcare providers in our hospital. Furthermore, we could not compare responses among respondent groups (eg, faculty vs residents vs nurses) because there were too few participants in each group to allow subgroup analyses. Further study with a larger sample and longer evaluation period is needed to demonstrate the true impact of the real‐time displaying system on the behavior and satisfaction of healthcare workers.

In conclusion, we implemented a real‐time display function in our HIS to monitor laboratory test status. The system increased the users\' understanding of the laboratory testing process in the emergency room, which ultimately may increase the usefulness and efficiency of the laboratory service use.
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